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Although  the  hemorrhagic  septicemia organisms  are  well  recog- 
nized and known to attack many species of animals, the relation of 
one  type  to  another  is  not  clearly  understood.  The  organisms 
associated with bubonic plague, swinge-plague, and fowl-cholera have 
been studied more extensively than those of the bovine species.  My 
attention was aroused by certain differences in cultural characters and 
agglutination affinities between the organisms isolated from an out- 
break of pneumonia in cows  x and those previously obtained by Theo- 
bald Smith  s from cases of pneumonia in calves. 
The  literature  on  the  cultural  and  immunological characters  of 
Bacillus bovisepticus is meager.  Much of the work was done before 
the  various  substances  used  in  fermentation tests  came  into  use. 
There are, however, a few descriptions of the fermentative characters 
of this organism.  Early immunological studies consisted of attempts 
to protect laboratory animals with immune sera against small doses 
of virulent culture. 
Theobald Smith  a described organisms  isolated from cases of bovine pneumonia 
as short, non-motile, encapsulated rods which failed to grow on potato.  They 
did not change the reaction of milk.  Acid  production in dextrose and saccharose 
was constant, but fermentation failed to occur in lactose.  Phenol was produced 
in old peptone broth cultures.  The formation of indole was variable.  His cul- 
tures were pathogenic for rabbits in doses of 0.1 to 0.2 cc. of bouillon cultures. 
He states that small doses proved fatal for rabbits in from 24 hours to 7 or 8 
days.  Smith  recognized the great similarity existing between members of the 
hemorrhagic septicemia group.  Others have  also commented on  this  point. 
t Jones, F. S., and Little, R. B., J. Exp. Med., 1921, xxxiv, 541. 
2 Smith, T., J. Exp. Med., 1921, xxxiii, 441. 
s Smith, T.,  U. S. Dept. Agric., Bureau Anbnal Induztry,  12th and 13th Ann. 
Rep.,  1895-96, 119. 
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Ostertag  a studied two strains of B. bovisepticus and reached the conclusion that 
this organism was identical with the swine-plague and chicken-cholera organism. 
Mention is not made of specific characters of any of the species employed. 
Schirop  5 studied  three strains isolated from pneumonia  of calves.  These he 
terms B. vituliseptlcus,  although Poels  s in 1886 applied the name vitulicidum.  The 
calf strains  were  compared with  cultures  of B.  avisepticus  and  B.  suisepticus. 
The bacteria were grown in bouillon containing twelve test substances; seven were 
carbohydrates,  the  others  were  alcohols.  The  action  on dextrose,  saccharose, 
maltose, and mannitol seemed to offer the most definite contrast.  Lactose was 
not used.  Two of the calf strains,  the swine-plague, and chicken-cholera bacilli 
possessed similar fermentation characters.  They attacked dextrose, saccharose, 
and mannitol, but did not ferment maltose.  The other calf organism fermented 
only dextrose.  All organisms formed indole.  The calf organisms were of con- 
siderable virulence since doses of 0.000001 cc. of bouillon cultures killed rabbits 
in 24 hours. 
Maguusson  7  observed  an  outbreak  of  hemorrhagic  septicemia  among  the 
reindeer  in Lapland.  He compared the organism isolated  with  a  strain of B. 
bovisepticus and a  culture of B. avisepticus,  and correlated  them with  Schirop's 
B.  vitulisepticus.  Their  fermentative  characters  were  tested  in  fifteen  carbo- 
hydrate  media  and  six  containing alcohols.  He was  unable  to  show  cultural 
differences in the three organisms studied.  All produced acid in lactose, saccha- 
rose, and mannitol.  Maltose was not fermented.  The organism isolated from 
the reindeer did not produce indole or cause hemolysis.  It possessed considerable 
pathogenicity for mice, rabbits, and guinea pigs, and a sheep.  A calf and a cow 
injected with cultures reacted with high temperatures for 3 or 4 days but recovered. 
Magnusson immunized a  sheep with living cultures of the reindeer organism. 
In all,  five injections were given during a period of 96 days.  Agglutinins could 
not be detected in the serum.  Thisserum afforded but slight protection for rabbits 
and mice against small doses of the homologous culture  and cultures of B. av/- 
septicus and B. bovisepticus. 
Besemer's  s studies of the fermentative characters of ten strains of pasteurella 
led him to conclude that the members of this group were practically uniform in 
their biochemical actions.  From his tables it will be noted that both strains of 
B.  bovisepticus, the  two  cultures of the chicken-cholera bacillus, B. suisepticus, 
and three cultures of Magnusson's reindeer pasteurella attacked dextrose, saccha- 
rose,  and mannitol, but  did not acidulate  media  containing lactose or maltose. 
Two of Maguusson's calf pasteurella  differed from the others in their ability to 
ferment lactose.  They also failed to attack maltose. 
40stertag, R., Z. Infectionskrankh.  Haustiere,  1908, iv,  1. 
Schirop, H., Centr. Bakt., lte Abt., Orig., 1908, xlvii,  307. 
e Poels,  J.,  Fortschr. Med.,  1886,  iv,  388. 
Magnusson, H., Z. Infectionskrankk. Hausbiere, 1914, xv, 61. 
s Besemer, A. M., Y. Bact.,  1917, ii,  177. ~'.  s.  JONES  563 
It will be seen from the limited available literature that B. bovisepticus and its 
allied organisms, such as those isolated from calves and reindeer, are regarded as 
a type which cannot be clearly differentiated from each other or from other mem- 
bers of the hemorrhagic septicemia group.  A careful study of the tables of the 
various observers indicates that such is not the case.  The fermentation of lactose 
by  certain  of  Magnusson's and  Besemer's  strains  is  indicative  of  cultural 
differences. 
References in regard to the application of the agglutination test as  an  aid  in 
classifying B.  bovisep~icus and the allied pasteurella have not been found.  Mag- 
nusson failed to detect agglutinins in the blood of a sheep immunized with the 
reindeer organism.  Schirop  makes no mention of agglutinins in the blood of 
rabbits  immunized with the calf organisms.  Hadley, 9 on the other hand,  im- 
mtmized a rabbit with B. avisepticus.  The serum of this rabbit agglutinated the 
homologous strain at a dilution of 1:160. He regarded such a serum as of slight 
value in testing a doubtful strain. 
EXPERI~NTAL. 
It has been possible  to show that certain  well  defined  cultural  and 
serological groups exist among the strains of what may be termed the 
bovisep6cus  group.  The source of the cultures together with a  brief 
note  of the  conditions from which  they were obtained is  given in 
Table I.  Mention has been made that these organisms have fallen 
into  distinct  cultural  and  morphological groups.  For  convenience 
they have been arranged in Table I  according to their specific group- 
ing, which will be brought out in other tables. 
Table I  indicates that Strains 530, 533, and 537 were isolated from 
severe cases  of pneumonia in cows during the  small  outbreak pre- 
vlously described.  The disease was confined at first to the cows, but 
later spread to the calves.  Cultures 550 and 562 were isolated from 
calves following the outbreak among the cows.  The outbreak sub- 
sided but sporadic cases have occurred from time to time in both the 
dairy herd and young stock.  Cultures 578  and  583  are from such 
sources.  Strain 529 was isolated from a  calf at the close of another 
small outbreak on a farm on Long Island. 
Strains 6, 209, 432, 436, 558, and 9 were isolated by Theobald Smith 
from  calves  during  his  studies  on  Bacillus  actinoides.  The  calves 
belonged  to  the  herd  in  which  the  outbreak  of  acute  pneumonia 
9  Hadley, P., J. Bact.,  1918, lii, 277. 564 
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occurred  in  the  adult  cows.  All  strains  except  No.  558  were  ob- 
tained before cases of bovisepticus pneumonia began to appear among 
the  adult  cows.  In  the  main,  as shown by Theobald  Smith,  these 
organisms were associated with pneumonias in calves attributed to a 
primary infection with Bacillus actinoides.  In the instance of Calf 558 
but few colonies of 13acillus  bovisepticus  were noted.  Bacillus  acti- 
noides was present in great numbers.  Culture 502 was isolated from 
a calf's lung obtained from an abattoir in New York City.  The only 
available history for Culture Bovine Pneumonia I is given in Table I. 
Strain 9 was associated with Bacillus actinoides. 
Morphologically  all  the  organisms  resembled  each  other.  None 
were motile; all were Gram-negative. 
Fermentation  and Other  Tests. 
It soon became apparent  that a  study of the fermentative charac- 
ters would assist in dividing the strains into cultural groups.  Tubes 
of  fermented  bouillon  containing  1  per  cent  of  dextrose,  lactose, 
saccharose,  maltose,  mannitol,  and  salicin  were  used  to test  acid 
production.  At  first  fermentation  tubes were  employed,  but  since 
none  of the  strains  produced gas,  ordinary  tubes were substituted. 
Titrations  and  hydrogen  ion  concentrations  were  determined after 
7 days incubation at 38°C.  The results of these and other tests are 
given in Table II.  Inulin was also used as a  test substance.  None 
of the organisms fermented it. 
It will be noted from Table II that  the organisms  fall into  three 
distinct  groups.  The  largest  group  comprises  all  strains  obtained 
from  the  adult  cows in the  outbreak of pneumonia  (Nos.  530,  533, 
and 537) and other infections (Nos. 550, 562, 578, and 583) occurring 
in the adults and calves following this  outbreak.  Culture  529, iso- 
lated  from a  calf at the close of a  small outbreak in another  state, 
likewise falls into this group.  Members of Group I  attack dextrose, 
saccharose,  maltose,  and mannitol  to about the  same degree.  The 
final  hydrogen  ion  concentration  varies  between  pH  6.1  and  6.5. 
Lactose is also attacked but to a less degree.  After several transfers 
on artificial media  all members  of this  group ferment lactose to the 
same  extent  as  the  other  substances.  This  has  been brought out r.  s.  JONES  567 
dearly  in  Table  III.  Sallcin  is  not fermented.  It will  be  noted 
that these strains do not produce indole.  Retests after several months 
on artificial media have confirmed this point.  They are not soluble 
in ox or guinea pig bile.  In agar plates  containing 8  per cent of 
defibrinated horse blood  the colonies  resemble those of the bovine 
streptococci.  The surface colonies  are round, flattened, and trans- 
TABLE  II. 
Cultural Ckaro~ters of Sixteen Strains of B. bovisepticus. 
Dextrose.  Lactose.  Saccharose. Maltose.  Mannitol.  Salicin. 
S~a~ No. 
530 
533 
537 
550 
562 
578 
583 
529 
6 
209 
432 
436 
502  1. (3 
558  1 .(3 
Bov. Pn.I  2.8  5.9  0.6 
9  2.9  5.8  1.(3 
per  ~er  per  per  per  per 
cen~  cenl  cen~  cen~  cen~  6en~ 
2.~  6.2  1.8  6.7  2.7  6.2  2.9  6.2  2.1  6.3  1.2  7.¢~  --  ~  -- 
3.~  6.2  1.7  6.8  3.4  6.3  2.8  6.2  2.6  6.3  1.0  7.5  --  -4-  -- 
2.7]  6.1  1.8  6.7  2.4  6.4  2.7  6.2  2.~  6.2  0.9  7.5  --  -t-  -- 
3.0  6.1  1.6  6.8  2.4  6.2  2.6  6.3  2.6  6.3  1.0  7.5  --  q-  -- 
2.5  6.3  1.9  6.6  2.6  6.3  2.6  6.3  2.5  6.4  0.9  7.5  --  -4-  -- 
2.8  6.2  2.~  6.4  2.8  6.4  3.1  6.2  2.7  6.3  1.0  7.5  --  -4-  -- 
2.9  6.1  2.5  6.5  3.3  6.1  3.0  6.3  2.9  6.2  0.9  7.9  --  -4-  -- 
2.5  6.2  1.7  6.7  2.7  6.4  2.8  6.4  2.5  6.5  1.3  7.3  --  -4-  -- 
2.5  6.3  0.2  7.9  2.2  6.4  0.6  7.8  0.5  7.9  0.9  7.5  q-  --  -4- 
2.5  6.3  1.(3  7.4  2.6  6.3  1.3  7.6  1.3  7.5  1.4  7.7  q-  --  q- 
2.6  6.3  0.~  7.6  2.5  6.4  0.8  7.5  1.(3  7.6  1.1  7.4  -4-  --  q- 
2.4  6.5  0.9  7.5  2.0  6.6  1.0  7.5  1.(3  7.5  1.0  7.5  Jr  --  -b 
2.7  6.1  7.3  2.7  6.4  1.1  7.5  1.(3  7.5  1.0  7.5  q-  --  -{- 
2.8  6.3  7.4  2.7  6.2  1.0  7.5  1.(3  7.5  1.0  7.4  -b  --  -4- 
7.4  2.7  6.1  0.7  7.5  2.8  6.1  1.2  7.8  -b  .... 
7.8  2.5  5.9  1.1  7.8  2.5  6.2  0.9  7.5  -4- 
lucent.  They usually attain a diameter of 3 to 5 mm. after 48 hours. 
The deep colonies are ovoid, and after 24 hours they are surrounded 
by a clear zone of hemolysis which tends to widen a little during the 
next 24 hours of incubation.  All Group I strains are encapsulated. 
The next group  comprises six  members, Nos.  6,  209, 432,  436, 
502,  and  558.  They  ferment dextrose  and  saccharose.  Lactose, 
maltose, mannitol, and  salicin are not attacked.  At first some of 
these  strains  produced only small  amounts of  acid  in  saccharose. 568  STUDY  OF BACILLUS  BOVISEPTICUS 
In two instances it was necessary to add a few drops of sterile serum to 
the medium  to insure  maximum  acidity.  TenBroeck  1° was able to 
show that serum failed to hydrolyze saccharose,  so that it appeared 
safe to use it to enrich this medium.  In the bulb of the fermentation 
tube  broth  containing  lactose,  maltose,  and  mannitol  becomes 
more alkaline.  All members of this group produce indole.  They do 
not hemolyze horse blood in agar plate  cultures.  The surface colo- 
nies  rarely  reach  2.5  ram.  in  diameter.  They are round, flattened, 
and more opaque than those of Group I.  The deep colonies may be 
surrounded  by a  hazy  green discoloration.  Members  of  Group  n 
resemble  those  of  Group  I  in  morphology.  All  are  encapsulated. 
When a few drops of ox or guinea pig bile are added to small amounts 
of 24 hour  bouillon  cultures  of  Group  n  organisms  the  fluid  com- 
mences  to  clear at once.  In most instances  after  5  or  10  minutes 
the  mixture  becomes limpid.  One  culture  was more  resistant  but 
cleared within an hour. 
Strains Boy. Pn.  I  and 9 differ from the preceding group in their 
ability to ferment mannitol  in addition  to dextrose and  saccharose. 
In  media  containing  lactose,  maltose,  and  salicin,  acid  is  not  pro- 
duced.  Both strains produce alkali in the bulb of the fermentation 
tube  in  broth  containing  lactose,  maltose,  and  salicin.  Indole  is 
formed  by both.  The  colonies  in  horse  blood  agar  plate  cultures 
resemble  those  of  Group  n.  Hemolysis was  not  observed.  Both 
strains  are  insoluble  in  ox  or  guinea  pig  bile.  Capsules  could  be 
demonstrated in Culture Boy. Pn. I, but not in the case of Culture 9. 
Virulence.--Many  have  commented  on  the  pathogenicity  of Ba- 
cillus  bovisepticus  for  rabbits,  guinea  pigs,  and  mice.  Evidently 
considerable  variation  in  virulence  exists  among  these  organisms. 
Among the Group I  cultures all have been of relatively low virulence 
for rabbits and mice.  0.25 cc. of a  freshly isolated 24 hour botfillon 
culture  injected  subcutaneously  into  rabbits  produced  only  slight 
local reactions.  Mice survived when injected beneath the skin with 
0.1  cc.  of  bouillon  culture.  After  a  few  generations  on  artificial 
media,  mice are not killed with doses of 0.5  cc.  of bouillon culture 
administered  into  the peritoneal  cavity.  A  calf when injected into 
lo TenBroeck, C., J. Exp. Med., 1920, xxxii, 345. ~'.  s.  JONES  569 
the subcutis of the neck with pleural exudate from a  cow dead of the 
disease  developed  only  a  slight  local  reaction.  10  cc.  of  bouillon 
culture introduced  through  the walls of the trachea  of another  calf 
failed to produce ill effects.  It was pointed out in a  previous com- 
munication  that  once these organisms  gained  a  foothold within the 
lung they were capable of producing a  severe diffuse pneumonia. 
None of the organisms of Group  II  were  of  particular  virulence. 
Doses of 0.25 cc. of a 24 hour bouillon culture injected subcutaneously 
into  rabbits  produce  a  moderate  local  reaction  which  may be  ab- 
sorbed or give rise to a  local abscess.  Mice are no more susceptible 
to injection with Group II organisms than with those of Group I. 
TABLE  IIl. 
Fermentation of Lactose by the Organisms of Group I. 
Strain No. 
530 
533 
537 
550 
562 
529 
578 
Lactose broth. 
Titration. 
per cent 
2.9 
2.8 
2.8 
3.0 
3.0 
2.9 
2.6 
pH 
6.2 
6.2 
6.3 
6.2 
6.1 
6.2 
6.4 
Fermented broth. 
Titration. 
per ce,~ 
0.9 
0.9 
0.9 
1.0 
0.9 
0.9 
1.2 
pH 
7.8 
7.7 
7.6 
7.7 
7.7 
7.7 
7.6 
Culture  Bov.  Pn.  I,  although  isolated  during  1913,  has  retained 
considerable  virulence.  0.25  cc.  of a  24 hour bouillon culture kills 
rabbits  of  2,000  to  3,000  gin.  in  3  to  4  days.  The  organisms  are 
present in the circulating blood 24 hours before death. 
It will be observed in Table II that organisms belonging to Group I 
attacked lactose to a  less degree than they did the other substances. 
In some instances  it was doubtful whether  fermentation  had  really 
occurred.  This  was  particularly  true  when  the  organisms  were 
freshly isolated.  To decide this point definitely, fermented bouillon 
of a  different  lot  than  that  employed in  the  first  observation  was 
tubed in  30  cc.  amounts and sterilized as usual.  To one-half  of the 
tubes  1 cc.  of a  sterile  10 per cent aqueous solution of lactose was 570  STUDY  OF  BACILLUS  BOVIS2EPTICUS 
added.  A tube of fermented bouillon and a tube of the same medium 
to  which  the  lactose  had  been  added  were  inoculated with  each 
strain.  After 7  days incubation,  the  tubes  were titrated  and  the 
hydrogen ion concentration was determined.  The results are given 
in Table III. 
There seems to  be  no  doubt  that  the organisms attack lactose, 
since  they do  not  produce  acid  in  the  fermented broth.  Litmus 
milk cultures change from blue to purple after 48  hours.  Further 
color changes were not noted after 2 weeks of incubation. 
A  number of strains from Groups I  and II were tested for their 
resistance to drying.  Growth from the lower portions of the slants 
of 24 hour agar cultures were smeared on sterile pieces of cover-slips. 
The  preparations,  which  dried  rapidly in  the  air,  were  stored  in 
sterile Petri dishes at room temperature.  At regular intervals the 
cover-slips were dropped into  sterile bouillon.  One  organism  sur- 
vived 18  hours under  these conditions.  None  were  alive  after 24 
hours. 
Immunological Tests. 
Since it was possible  to show that the organisms usually referred 
to  as Bacillus boviseptieus really belonged to  three well  recognized 
cultural groups, it was decided to test their serological relationship. 
With this in view, rabbits were immunized with a single strain chosen 
from each group.  Much of the previous immunological work with 
members of the pasteurella group has consisted in attempts to pro- 
duce  a  protective  antiserum.  The  results  of  immunological rela- 
tionships were judged on the amount of protection afforded against 
various doses of living culture.  Mention is not made of the formation 
of agglutinins for Bacillus bo~isepticus  except by Magnusson, who was 
unable to demonstrate them in the blood of a sheep immunized with 
the reindeer organism. 
That agglutination affords a ready method of grouping organisms 
is well recognized.  The following  protocol of Rabbit  1 immunized 
with Group II,  Strain 432, indicates the d~fficulty with which agglu- 
tinins are produced.  This is particularly true for Groups I and II. F.  S.  :TONES  571 
Rabbit  1.--Weight  3,530 gin. 
Jan.  13,  1921.  2.0 cc.  of bouillon culture of No.  432 heated at  00QC. for 30 rain., 
intraperitoneally. 
"  14.  4.0 cc.  of bouillon culture of No.  432 heated at 60°C. for 30 mln., intra- 
peritoneally. 
"  15.  6.0 cc.  of bouillon culture of No.  432  heated at 60°C. for 30 rain., intra- 
peritoneally. 
"  19.  5.0 cc. of killed culture intraperitoneally. 
"  20.  6.0  "  "  "  "  " 
"  21.  8.0  "  "  "  "  " 
"  24.  Weight 3,465 gm. 
"  26.  10.0 cc. of killed culture intraperitoneally. 
"  27.  10.0  "  "  "  "  " 
"  28.  7.0"  "  "  "  " 
Feb.  4.  0.25  "  "  living 48 hr. bouillon culture subcutaneously. 
"  5-6.  Local reaction with fever. 
"  8.  0.5 cc. of living culture subcutaneously. 
"  9.  No reaction. 
"  12.  1.0 cc. of living culture subcutaneously.  Local reaction.  Weight 3,463 gin. 
"  15.  0.5  "  of 24 hr. bouiUon  culture intravenously. Severe temperature reaction. 
"  16.  0.5  "  of 24  a  ,,  ,,  ,  Moderate temperature reac- 
tion. 
"  17.  0.6 ce. of 24 hr. bouillon culture intravenously.  Severe temperature reaction. 
"  24.  Small test bleeding, partial agglutination at 1 : 100 dilution. 
1.0 cc. of 24 hr. bouillon culture intravenously.  Temperature reaction. 
"  25.  1.0  "  "  24  "  "  "  "  "  " 
"  26.  1.0  "  "  24  "  "  "  "  ,c  , 
Mar.  1.  Animal sick; dietary disturbance; food withheld for 24 hrs. 
"  3.  2.5 cc. of killed culture intraperitoneaUy. 
"  4.  1.0  "  "  living  "  intravenously.  Temperature reaction. 
"  8.  Weight 3,328 gin. 
"  9.  0.8 cc. of riving culture intraperitoneally. 
"  10.  2.0  "  "  "  "  " 
"  12.  2.0  "  "  "  "  " 
"  15.  Test bleeding, agglutination at a dilution of 1:200. 
2.0 cc. of living culture intraperitoneally. 
"  16.  4.0  "  "  "  "  "  Weight 3,182 gin. 
"  24.  Bled.  Serum gives agglutination at a dilution of 1:200. 
Culture Bov. Pn. I  of the third group possesses considerable viru- 
lence for rabbits but it is a relatively simple matter to produce a good 
agglutinating  serum  with  the  killed  organism.  A  serum  which 
caused clumping of the homologous strain at a dilution of 1 : 500 was 
obtained after the injection of killed cultures over a period of 31 days. 
It  has  been  possible  by  further  treatment  with  killed  cultures  to 
increase the titer of this serum to 1 : 5,000. 572  STUDY  OF  BACILLUS  BOVISEPTICUS 
Antigens prepared by suspending the growth from 24  or 48 hour 
slant agar cultures in 0.85  per cent sodium chloride solution which 
contained 0.25  per cent phenol gave the best results.  Suspensions 
having a  density of 2.5  with the Gates  n  apparatus  were employed. 
All tubes were incubated at 389C. for 18 hours.  Agglutination of the 
organisms of Groups I  and II takes place slowly.  No  clumping is 
visible before the 6th or 8th hour.  Both strains of Group III agglu- 
tinate much more rapidly, gross clumping begins almost at once and 
most of the organisms fall to the bottom within 5 or 6 hours. 
The results of the agglutination tests of all strains with the sera 
of three rabbits,  each immunized with a  separate group strain,  are 
given in Table IV. 
Table  IV  indicates  that  the  immunological  grouping  with  one 
exception is  identical with  the  cultural  grouping.  All  of  Group  I 
are agglutinated by the Group I serum from a rabbit immunized with 
a single strain.  This serum does not cause clumping of the organisms 
belonging to the other groups.  The same holds true when a  Group 
II organism was used in immunization.  The Boy. Pn.  I  antiserum 
acts  only on  the  organism possessing identical  cultural  characters. 
It will be noted that each strain, with the exception of Culture 502, 
agglutinates well up to the limits of the serum. 
In addition to the organisms appearing in the table, one strain of 
Bacillus  avisepticus  and  two  cultures  of  Bacillus suisepticus  were 
tested.  The  chicken-cholera  organism  possessed  similar  cultural 
characters  as  those  of  Group  II,  but  failed  to  agglutinate  at  the 
lowest dilution  (1:10)  with  Group  II  serum.  This  organism gave 
agglutination  in  the  lower  dilutions  with  Group  III  serum.  The 
swine-plague  bacilli  were  culturally  indistinguishable  from  Group 
III.  One gave a  partial  agglutination at  a  dilution of 1:100  with 
Group III serum.  The other failed to agglutinate with either Group 
II or III serum. 
Strain  502  evidently falls  into  a  separate  immunological group. 
That organisms having similar morphological and cultural characters 
may differ in their immunological properties has been shown clearly 
by Dochez and Gillespie  12 for the pneumococcus. 
11 Gates, F. L., J. Exp. Med.,  1920, xxxi, 105. 
13 Dochez,  A. R., and Gillespie, L. J., J. Am. Med. Assn., 1913, txi, 727. ~'.  s.  jo~.s  573 
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Results somewhat similar are recorded by Schirop.  He immunized 
rabbits with three different cultures of Bacillus  vitulisepticus.  Two 
strains were culturally identical.  The serum from each rabbit pro- 
tected mice  against  the homologous culture but  failed  to  protect 
against the others. 
Each type of serum was absorbed with a single homologous group 
strain.  The  sera  were  then  tested  against  all  of  their  respective 
group cultures.  It was found that the agglutinins had been absorbed 
uniformly for all. 
DISCUS SION. 
Although the cultures studied were largely obtained from the cows 
and calves in one herd, yet it has been possible  to differentiate them 
clearly into three cultural and immunological groups.  A study of the 
various data submitted in the tables reveals some interesting points. 
The herd from which most of the cultures were obtained has  been 
under observation by various members of the staff since 1917.  On 
February 17,  1917, the  single  Group III  strain  was isolated  from 
a  calf.  Since that time similar organisms have not been met with. 
During January, 1917, a  Group II strain was isolated by Dr.  Smith. 
In 1918, 1919, and 1920, he found that organisms of this class were 
associated with pneumonia in calves, but they have not been regarded 
as primary agents.  This type has become endemic, pure infections 
with this organism have not been observed.  During October,  920, 
a  third type of Bacillus  bovisepticus  (Group I)  was introduced into 
the herd.  An  outbreak of pneumonia among the cows followed  in 
which  this  organism  was  the  only  one  obtained.  Since  the  out- 
break  subsided  sporadic  cases have been found in  the  calves  and 
occasionally in cows.  Whether Type I  will finally displace Type II 
and in turn be displaced by a  freshly introduced virus can only be 
proved by future observation. 
Several other points are worthy of emphasis.  The marked differ- 
ences  in  cultural  characters between the  Group  I  organisms  and 
those of the other groups seem to preclude the name JBacillus bovisep- 
titus  for two such markedly different types.  That  Groups  II and 
III differ so little culturally that they may be considered varieties of 
the same species seems reasonable.  Group I, however, differs to such F.  s.  joN~s  575 
a  degree in not only its fermentative characters but in it~ ability to 
hemolyze and its failure to produce indole that it is hardly possible 
to consider it a variety of the others. 
The  Committee  of  the  Society  of  American  Bacteriologists  on 
Characterization  and  Classification  of  Bacterial  Types  ~  includes 
members of the hemorrhagic septicemia group under the tribe  Pas- 
teurelle~e, genus Pasteurella.  The genus is characterized as aerobic or 
facultative, the powers of carbohydrate fermentation are slight, and 
no  gas  is  produced.  Gelatin  is  not  liquefied.  The  organisms  are 
parasitic.  Nothing  exists  in  this  characterization  to  exclude  any 
of the organisms described from the genus Pasteurella.  Perhaps the 
name  Pasteurella  "bovisepticus"  might  be  applied  to  members  of 
Group I.  More definite characterization for these organisms would 
consist in, aside from morphology and capsules which are common to 
all groups, the ability to produce acid in dextrose, lactose, saccharose, 
maltose,  and  mannitol;  their inability  to  produce indole;  their in- 
solubility in ox or guinea pig bile; and their power to hemolyze red 
cells in agar plate cultures.  The specific name vitulisepticus  (Kitt  ~' 
and  Schirop)  might be  applied  to  organisms  of the second group, 
which  may be  characterized  as  follows:  acid  production  in  dex- 
trose  and  saccharose  but  not  in  lactose,  maltose,  mannitol,  and 
salicin,  and  the  production  of  alkali  under  suitable  conditions  in 
certain media.  Indole formationis constant, but none produce hemol- 
ysis  . horse blood  agar plate  cultures.  All members of this  group 
are soluble in ox and guinea pig bile.  For the present,  Group  III 
may be regarded as a variety of Group II, since they differ culturally 
in but two details:  their  ability  to  attack mann~tol  as well as  dex- 
trose and saccharose and their insolubility in ox and guinea pig bile. 
Since these data have been gathered together another organism has 
been isolated from a  cow which developed septicemia from a  wire 
which had penetrated from the rumen through the diaphragm and 
into the heart.  This organism attacks the same substances as the 
Group I  strains, but it is not hemolytic and it produces indole.  It 
is reasonable to suppose that if alarge number of cultures from various 
sources were studied more cultural groups would be found. 
Winslow, C.-E. A., Broadhurst, J., Buchanan, R. E., Krumwiede, C., Rogers, 
L. A., and Smith, G. H., J. Ba,  t.,  1920, v, 191. 
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The immunological findings are  of considerable interest.  It has 
been shown that at least three serological groups exist.  From pres- 
ent  indications  it  would  appear  that  organisms having the  same 
cultural  characters  do  not  necessarily  have  similar  agglutination 
affinities.  This is  true of Strain 502,  which is  a  typical Group II 
organism but which fails to agglutinate with its group serum.  Doubt- 
less the study by others of strains isolated from different sources may 
throw more light on this point.  This has been noted when a  few 
species  from  other  hosts  have  been  tested.  The  Chicken-cholera 
organism which agreed with Group II in cultural characters failed to 
agglutinate with this serum but did agglutinate with Type III serum. 
Two swine-plague cultures were identical culturally with  the third 
type, one agglutinated moderately with Group III serum, the other 
was  not  agglutinated.  It  may  be  possible to show immunological 
differences  between  the  pasteurella  attacking  different  species. 
Perhaps the agglutination test will afford a rapid and efficient method 
for the differentiation of the human plague bacillus from members of 
the hemorrhagic septicemia group which attack the lower animals. 
These immunological differences must be taken into account when 
attempts are made to control infections in the field. 
SUMMARY. 
It has been possible to study the cultural characters and certain of 
the immunological relationships of sixteen strains of .Bacillus bovisep- 
ticus.  The organisms have fallen into three distinct cultural groups. 
The largest group comprises eight strains, four of them obtained in 
pure cultures from cases of pneumonia in cows, two others were pure 
infections in calves, the others were associated with other organisms. 
This group may be characterized as short, non-motile, Gram-negative, 
encapsulated  rods  which fail  to  produce indole but  produce clear 
zones  about  the  deep  colonies in  horse  blood  agar  plate  cultures. 
Members of this group produce acid in media containing dextrose, 
lactose, saccharose, maltose, and mannitol.  The final hydrogen ion 
concentration in dextrose broth lies between pH 6.3 and 6.1. 
The  next  largest  aggregation  comprises  six  strains.  These  or- 
ganisms ferment dextrose and saccharose, but do not attack lactose, ~.  s.  JONES  577 
maltose,  or  mannitol.  All  produce  indole.  All  are  soluble  in  ox 
and guinea pig bile but none are hemolytic. 
The other two strains resemble the preceding but attack mannitol 
in addition to dextrose and saccharose.  They produce indole but are 
not bile-soluble. 
In  the main  the immunological relationship  has  been  found  to 
follow  cultural  grouping.  All  of  Group  I  are  agglutinated  by  a 
serum prepared by immunizing a rabbit with a single Group I  strain. 
This serum fails to agglutinate members of other groups.  The same 
holds true with  Group II  and III  sera.  In no instance has  cross- 
agglutination between groups taken place. 